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The ...... In.1 "",i.biti')' of tb,' Jop. n! E'-a>l Se. (JESI ci","l alion . ... ",uoi.d nUIIl.ri ... U)" 
",;n" ,b. P,i""'ton Oc.,n M<><t.l (POM) " ilh hornon .. l "",,1.';"0 v",~inl (rom 11 ,~ " tn 1 B ~3 
"" , nd 15 _\sn," 1.".1. co nfmm;n" o. ,.lati, .. I)" " ali"ic OOll"n' ,of'O& .. phy T ... model .... " 
int o&,"led " ,in, climMot"sioal mo" 'hl)" meon wiod ' ''''''''''', ho&( a'..! •• It fl ux"",.,, '" ,f.e. fQ""" K 
ond ",-",.I;"nal """.n;' in""", !out~""" ., 01"'" oound.ti .. , Th ... """,.n" ",u.gffi .If<'<'t, Q( 

i",loted fmrin ~ Ie"", u r I""""nted and a nalp ,. d [",m tho fo ll",';n, """"timem." I) non_Ii",,", 

.ff .. ·" , .. "",'«1. 2) n~ loterol " .,,,pmt 0' ~""n oouoo",y, . nd 31 "i,><I df""" ""'''''«1_ ,\I ajo, 
,. ",,,,",~ .,, . imulotro , ,,.onab!, "",II ,'Omp. ",d to ohocn'at;"".. Tho- no nlin, .. ad".di,," cl.,.,. 
no' .ff",l lh, I"n,,,. 1 <i",.1&(1o" p.".", .,.i<i<",ly, buI ,to.. . If"", ,I>< [om,.,;.," of tho m""""". I. 
«Id;"', """""i.lly the UU."n'! T .... him. D",in (!lTDI eddy (.11 .. ...,". 1 , od Ih. J apo" H .. in 
(JBI c .• d",n'" ~' ... (.pri"SI Th. 1. ,,,,. 1 ""," "d.ry rc.",in~ ""hao "," (-..· •• 1«0.1 Ih" J ES ,'olu",. 
" O"'PO" in tho ". ,,, ,,,,, (..-in""1 Th. "ind fo,d", '" II ... "" .. , impo,lo" ' fac'n, (SII'JlI fo, 
gP"" " ;U& ,h. JB <ldo»ic ~-'" Bddn, i, d,i,',", ,h. Li,"," C""<n' . nd ~.n,p, ,h. Eas' 
"o",an W."" CO,,,,", in ,h ... in'''. and g<n"," '" 'h~ UTB «Idy, "nd ...:Icli ... olon~ lh. J opa" 
N •• "bo ,. f". nch (J~B ) i" ,II..,,,,,, .. , 11"",,-",,,,,. it h .. 01" .... , "0 . ff« ! on ,1>0, JNB ",,"<n' , 
fo, . 11 .. &ron • . 

1 Introduction 

The J~I)"" Sea, k"",,·o as ,h. E .. " Se~ in "o,ca, 10M " oh.<-'P bo' lom topogr~phy ( FiS_ 
I ) tha, m"k", il .. "niq"~ semi·enc!oo;OO """an """,in ov"rJ..id by a pronouncM uw,""",m 
surface wind. The JRtJIln/EAAt Sea , h~ ...... fl<:r rekrred 10 as JES. em .. "" an ar"" of I(f 
km' . It 10,,-, a """,im"m d epth in exe=, of 3,700 m, RHd is isol~l-ed from open O<'<?ans 
excep' for "m .. n { n~rrQw arlO 'hallow} s\ r~it ~ . -..'hicb l'Qn"ec13 lhe JES with ,he N()I"th 
Pacific lhroullt llo" T8Uohin"'/ Ko,can and T.usw-u St rait.. and wit" the O,ho..,k Sen 
1hrouSh tbe Soya and Txl~' StrM it._ The JFS oonl-l>.in> Ihree maior basins cAlled 'he 
Jripall IIt1Si" (JB ), lIlkmSrr.""loima B..sin {lITll}. and Yamato llasin. (YB), a"d ~ high 
"""lral .eanlOunt called t·he Yamato Rise (YR), Th. JES hAA ~""'t .dcmifil' ;B, e, ,,,1 
as a mini~l\lre prolotYiJ<: """'~rI . It. '-i" - ~'ide circuiatiOIl pattern, boundHr:,<' ""rrel\'~. 

Subpolar Front (SPFI, m-.;calc (1,My _ivil,;"" ~nd d""p water focma' ion are . imi"r to 
tho. " ;n 8 " rse oc""n . 

Num~r", .. 1 . ludi"" on the J ES eircula, ion, otsrted in eac1y 1980. Vario"" tn_ or mod_ 
el, we,e u>ed .uch "" the multi-I",)'er model (Sek ;ne, 1986, 1991 : Kawl>he, 198210; Y""B, 
1982H,b: Se''''i and NHB' . 1992><,1>, SeUrlS and Kim, 19951 , the ,\loduIHr Ck.-.an Model 
(),-IO\-11 ("im and VOO" . l(/9t: Hollo"s), et .. I" 1995: Kim Hnd Yoon. 19'1fi, Y""hi""~'H e, 
MI., t 009), rigid.lid , · level model (V""hi""wa "t a l., 1999), t he \Ii~ t"i 1""I'Y""HI Coordi"", e 
Me-lei (MJCO\l ) {Seung and Kim, 1 (/93 ) and \ he Princeton Ocean 1;1"""1 (I'O~I ) (Mo.><",r 
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ESTUARINE ANOCOASTAl MOOEllNG 

and K~"', HI%: (,"hu .. AI .. 1999c,d). M ..... ' of t be n'''IL.".ir~ 1 elf", ... fire co"""ntr~l .d "" 
.i ,unloo'i"l _In·w~l~ d",u"'ion .• lw: T.u,hima W"'D) ('u""", (T WC) bif,,,,,,,,;.,,, .... ,d 
for ..... Iion ol ,he i"I .. ,,>e<I;"IC ........... H~ •• It.".., io II"."" ol otu<I'" 0" dY"R",icAl 
", .... h~',;.. ' ''. f .... ,he f"''''''' ;ou of _",nRI "~riabili'y of I he J ES ei"'ul~' ion . 

In Ihio .. ..dy ... .., _'M POM '0 i"y(oo.ip'" dri"inc "-ltanio_ for ,ho for"""ion 
"f ,he _,HI ......... hili,;"" oll.l"" JES drcuia,ion indnd;" , I.h. , ubpob\r front (SP F) 
"_",!<tiu, .",1 odd;'. ,"" T WC bifum,ti<>n......:l i~ elf ....... on , ... f""mation of ..-..100 
.. Id;"" in ,be \."1"0 and ''''' YO, aoo ,"" I,i""," ('old en,,,,,,, (LC(') ROO ;U,I"'"e" .. 'io" 
Into ,he ""'"'h ..... '"'" w~t .... RIm,,'he Kor""" <,_. Th. c<~".ol ,un. foreed by I"" eli· 
n...toloPrAl mon,hl,. ",ind .tr_. '-' and f.""It .... ~ flu~ ... . io """iped to b<>.1. ,In,date 
,co.li,," .. ~in't wh'h ... cIt expe,iment io """l"'fC<l, In' 10. exl' .. .,.im"n .. , "".,," ex"~n~1 
.. no! i~, .. nal f""loB .... m .... lir,." .. ,><I the f ... uhll\i, "';n;ulo.lion patt .... 80d noayollud .. 
«>n'p"'r«i to ,he ""ntroi run ... ulll. 51' .. df",,,lIy, ".., ... !ima", the ( •. >nt. ibud"". i" '~rn'" 
"I vol"",. t'~"'j>O'l ~nd drculalio" po..te<n •. ol '.,n·li" ..... ",""""'ion, ",,'ioo lord", and 
I."",.] _ndary "".-port ", ''''' """"'n r...'u ..... \etot\fied. in Ihe conlrol ..... ult •• From 
I his ... 'e CRn <><tin"'''' the ,,"'ti,.., import .. """ ul tn""" I""to .. '0 ' he """""",,~l '''ri~bilitJ 
"I ,he JES eireu",io" 

2 JES Current Systems 

M_ 01 the nearly homoge"""u, ... At" in the <kq) po. ... QI ,h. '-in .. c~Ucd 'he J .. ~n 
Seo. Proper WM'" ( ~Ioriy .. u, 1972) 800 .. of low ''''''i'ft''tu", aoo low >Alini'y. AI""" 
Ihe P,oper WA1t:I". lhe TWC, doml" .. , in3 ,.he . url"", 10.)'0:<. How. frottl the ..... , ChinK Set. 
Ihrough 'he T .... h;"'.j K"""'" S" .. it and (An";'" warn, .... , ... from the _Ih_ The LCC 
i\owo in ,be JES fro", the Okhotok s.... ,hr<>ullh tbe Tftt a , 5,,,,~, e .... rie! cokl I''''h .eM." 

fro", ,I"" north ... "d becom" •• he NC»"h Kor""n C<>Id Cu,,,,,,, (NKCC) .. h", .-chi", Ito. 
l'otIh K<>rnOn caas\ (Yoon. l!IiIl). Roth cu . ......... lu,n ........ -.d l<> no.. roughly """'I 
,IO' N 1<t';t,..Je. formina tto. SPF bet . .. """ ,he T,u_.h,M Warm \\'~1<'r and I),e <okl ","I 
fr .. h ... ~,c, f,,,,,, 'he """th ( r~. 2). 

" 

Ilda ( 193~ ) " ... ,he fin" "ne '" .......,h tho! n::s ..,,,,,,,,,1 circ,,"',ioo from limi'ed 01""". 
,,~(io,,~ 1 ,lIo.la, Th~ TWC ""1""81" oorlh of :IS' N inl" two bra""""" in'o .. ....,.. ... n .. nd 
.n .... ' .. n ~""'n...,1 (Kawalle. 1!I82a.h; 11_ '" AI .. 1999) "00 fk..... throu~b ,"" .. ',,",ern 
e ..... nnel. calk.l.he r ....... """"" W.fm Cur""," (E KWC), 8"d ck_ly 101m', the 1\, ..... " 
roosl u",il It .. 1>"''''(>< ....... 37"N Into ,"" hno""hoo. ·n ... _ .... bunch follow. 'he SPF 
w ,to. .......... 'n~"\ of So.I'I""" bland, and ,he ........ " brRnch "M""" 11<)"h'~", Qnd 
(,,,.,,,. a <yolo"i<: <:<Jdy a' the Eao;'Ct" K"""'o Hii,)' (EI\O). II Ao..a ,hroulh ,I'e _om 
oha",,,,1 .·hi<:h c~ly IoIIawI tbe J"l"Inete c.-t.. callod .t.. 1"""",,,,,,,, Branch ( .... 11) by 
Y ..... ll (19!12~). Momo "",",aleiy, ".., , ... 11 it , I,e JapillI N"""ho", l1f8OCh (IN Il ), The JNB .. 
""""lIy ...... k .. ,i,an .to. EKWC. The ol,."."h of the T., .. bima Cur""" a' boIh ohsn,"" 
"""_ .·~h doplh, 

Tho NKCC mc..1. 'he f;K WC al MOOU' l8" N witb ""','" ...-....1 n ..... idion,al mi&t''''ion. 
Aft..- """"""ion frum ,he ....-, ,to. NKCC and 'M EKWC ""n' ..... "nd for", a .. """ 
fron' Ib~' '''etches i" 8 ..... ''''''''1 <1 1,,,,:1 ,,, " """"'" I.'" bo;oin . Too 1'<'1\('(' m"x.;. a c)'doni<: 
"""irC1II .. ,;.,,, lYre in lhe north bUI mool of the EKWC IIoww Dot ,h,ouah lh~ oullela. 
The Iorma,ion ol NKCC "r.d ""I"',.'ion "f EKWC a,. due '" 10<;,,1 f"rdnS I>y " 'I'" and 
b""y~""y nux (Seo",s. 19'.l'~ ), L»,..,..--t>den de,,.1op ak>ng ,to. front "00 ... e _iated 
wi,h Wa,m and cold "rid;"', R"""","" "oay ~"d quail,,,,;, .. 'lcpiction from R .. ",,(book 
"'riu"" by Tonoc:z"k M d G<)dlrey (199,1). 

Chu .. AI (19991» i<\eto'iMd ll0aj0r katu .... 01 ,"" 'h.-.din","';"nal cireulati<>" "00 
,to. \"(,1",,,,, I,"n"port from ,he N~vy·. O,5· "O.~· , 1obJ.1 nK>Olthly dl"'M.o.~ l l en\p"r ... 
,o!'" Md ""linily dr.1 ......... ing , ... I'·"""or mo.1hnd (Chu. 199(0-. CIou '" al_. l!l9llbl. Th~ 



IlSTUARINE AND COASTAL MODELING 

or .. """"", P'O'tan ;. I..r&ely det~"n;.....J br ,"" ul'I>« 101)1« ";«:"Io,lnll and <bar.." .. ,..,,, 
by .. IK'p-«"ale C)'cloo ic ,<>citcul",ioo !Y"', In ""hicIJ t.he: ~:"WC Rtu! the J NB IaI<c 1 .. 11, .... 
Ill<! i""",,,·o.nAo,", "y,le", . ~,od the NKCC in t.he :'ortlr . At a few htt,~!r..-t kik.omet cr. off 
the ""I',,,,,.I00 .......... ho t;KWC n",k .. an anlicydo .. ic !y. e- Tho U.e b.lcorn... ol.onV' 
as ,boo EI\WC developo.. On ,he "d.c. hand , 'he: nurthe<n C)'clotiic ure Is "ftJ dc.." ... d 
is """. olpificanlly i" lhe "-'m..- .. ",ngthoooed br lhe wind .. nd b""l'''''C)' nUK. TI." 
l)"". a.- 1 be ""uth ...... 1 ...,...t&! cu""'" ",Iated to it, if ,Ieq! cooo,h 10 in.rude lOut Ir ... KNl 
bene",h the: EK\\'C "'<><it of the Ii",,,. Seu n, .. boo c"""r.""od the . un",,,,.t.i,,,,, P''''~''<O 01 
<,ounLe • ...,"."'''1 benctl-lh .he JNB. N",'h <>l ' he: SPf Ih ... e>isI.o" ,'ydn" ... lJY'. i" Ihe: 
JB "" .... Ily ... ILed.boo JII Uf<:-

3 Seasonal Variation of Atmospheric Forcing 

The ""i .. n monsoon . tron,ly .. ffee t.. t1>e thermal .t • ..:tu", ol the J£S (ehu <:t .. 1. , 19980.). 
DurinS the .. i",,,, ".., __ • a .... y cold noo1h ........ iDd blow. <1'o'er Ihe J£S ... a 
"",ult of'he Sil><rian Hl&h ""-u.e S,-.Ient. By lo.'e: April. lIumer<> ... rrootallY_l"t>eI"a1<!d 
",..,nU; o«:u. ""'kinS lo.l<: Ap, il and M"y hi~hl y , ....... b1e: in term. ol ... ind _10 and 
nu",b.". of cloud>, Durl". II,"...,.-iod 1\",,,.. oti~"".I"1 in Mons"l;;, may eRU" 'Imng, 
... ~,," "'~I~.I;"'. By ""e May and ... riy J.u"" the . u,nmer .u,(""" atmaoph,-<it; low 
~"'~ .y ••• m bqpnl In f"'m"""" A.lot. Ini'''lly 1M. low I'I_U~ .YOIem io 0:",,,,«1 
nonb of,,,., YeI'-' So. producl", ...... , .. Iy _indo. In .. te J " .... ,bio low Iqi ... lo "';Fale 
,o.he ....... """Iinl up the _nh .. ..,.' nto"""''' ,hal dofnina ... t.boo .urnn...- mont"". The 
... indo ..... Illn '·M ... hlc: .hmugh Ju"" un,il MRllCh" .... n low ~u, • • y".,n nn:ngthc"", 
o""pit e lb. ""y ""t"'" WC!Ithe. "yole"" •. 110. mMn ~ ".f"" .... inrl.poe<! ow' tlo. JES in 
.um ...... II! bot .. '..,n 3 Md ~ m/_, which io ..-x", than in ",inl", By July, h....,""". Milo 
""","un: (. boo Bonin 11;'10) to ,he IfOIIlh aod the low I><_un:"....,. M.<td:t" . .. produce 
.... 'h~ly ... Indo car,yln& ..-arm, moioot air <We< .he F_ China Seoo/ V.u...· Seoo. In lhe 
. um ...... , .'R, m air nt>d 'I""'~ <\Qwn"'",d ",,1 <atlialion .... hili.., the UP!"" 18.1'" of lhe 
... ater And ~8use< th •• url"". mix .. 1 Je.~. to sh""l, October io the beginnin8 of lho 
Ir .. ""it iOll boock to .. inter conditiot". T he ooulberly ... indo w<alecn ."d let 100 ..... u,!.tee: 

.Iope ..-.ablish .he winl'" pal''''''' 
The daI-.. ....-t were 'he objr<:tlvc:ly ...... 1y>Iod 6eldo ol .... /aa: Dtarine c1i"",'oiol)" 

and ....... "'1100 of n"" .. or heat , """"""lum, and r""", ",'a'",. TIM: r .. \do.", dec-i,~ f.o,,, 
indiv;du .. 1 obo«t-""tiono in the Comprcl",,,,,",,, Oa:RB·A'""",phcM [)o,ta S" .. (COADS) 
from 19~5 10 nec."d",. 19$9 and are ''''~Iyud on a I" br I" 5';'1 (d .. Sih-.. ct oJ" 100.1), 

4 The Numeriul Ocean Model 

4.1 Model Description 
Coaotal oceans and ..,n;..,""~ _"" mark<!d by .,. ... mcly hilh _'inl "nd tempo. 
.,,1 .... iabili. y .ha. challeto", ,he ~io'ill, pudinh ... .,..,..biliti<>l of num",ical.imuialions. 
The rOM io. ,ime dq>c:n<knt, pnlrtlll,.., "'I""lm "1..,,.I8.. ion RKMlel on • th .... dim<:l1-
oional ,.id tha, iltClud~ .... liotic lopOC.ophy at>d • fr ... oud..,. (BI"~ snd ~ Ielior-. 

1987), lliver outflow" aloo not i,.cluded . !10 .... _. lhe """"""AI v~ri.tio" in .... ,".
f..,., hei,ht, .empe."lu.O. ",Iin ity. c\.-.:ulatlon.nd I'''''''po:t are ~II .ep""",nl<!d by tho 
model. From a..,,-;'" of nu.".,.ical experimer>ts, 'IM! q""lit.a'i..., and qua'"~ative rifocto 
"f ftOft-~~ly .... ind Intc-int and Ioot.e<Ill h<>undary It.""""", OIl lboo lES .......... Iy...t. 
yieldin, ronoider.bIc: 1"'1&1<' into lhe ext •• OWIl facton oJf""t.iq 11M: rqioo """"",,, •• ph)', 
The ntotlcl ,.,;ults _.e "''''pkld .-=y Ihi.,y da,-.. 



ESTUARJNE AND COASTAL MODELING 

The model contains 94 ~ 100 X 15 hOJizontnlly heel grid poi"". The horirontnJ .pacing 
i, 10' la,iwde and Ion~i'u~ (~pprOJ[im"tdy ILM '0 15.18 kIll in 'he zonal diTOClion 
fUlrl 18.r>:I km in 'M I.,jtudinal diroction) and 15 ,,,,,tical sigma e<>ordinMe 1"",,1. are 
".ed. The mooel dono"j" l. ftom 35.0" N to .~L5· 1'1, and from 127.0" E to 142.5' 
E. Th" bo!lom '<>pOgt""hy is 'he """""heel rn.ta from the Naval O<:<wl<>graphic Office 
D~tKI Ba.hyme'ry Data B .... 5 ml",o'e by 5 minule resolution (D8D851. Tloe horizon'al 
,U/fn, j,;'''' are """k!lecl ".,in g ',he Sm"l:Olinsky (1963) form with 'ho _IIid.", ch<>s"" 
to he 0.2 101' ,h i, applicMi"". The ootlom st"", T . i, ""urned to lollow a ",,«<itatic 

'"" 
PI 

wheTe Po 1= 1025 kg/m') i, the charactCTi.li o rkn'ity of ',he _ wat.r, V. is the hOlizont,,1 
campon."" of the bootlom ,,,Iocity, ""d CD;" ',hc drag eo<:IIid"",. wltich w ,," c\e'ermineel 
b)' ,h ... ",il.,i'y 'heory. 

4.2 Surf3ce Forcing Functions 

The atlIIosphcr;'- fOl"cing fo, 'he JES .I'pU"",;"n of 'he PO~1 include, ITH!ChnltkAI a",l 
"he"nlohnJin. 100dng. The wind r",<:lng is depicted by 

1' 1 
whcT!' I u ,, ! And (~"', TI",I ~,... 'he 'wo com""nent~ "f the ... "1.,,. ""Iocity and wi",1 sir ... 
""'0"'. ''''pt.'C'i""Iy. The wind "",,, a' """It time step i. inter""la,..:! from mon,hly 
">"k,, d iTllMe wind ,,,_ from COA OS (I !J.I:>- 19891 . We i",..-""la,ed t.h. COA OS wind 
,It"'" of ,h. ,esolut;on of 1· ~ I' onto 'h~ model grid of the ,,,,,,,I,,tion of 10' . 

~",f""" ,lo.n"AI fo,ci"~ i, depic'eel by 

(31 

1'1 
whe,. 8 08S Ol,d SOBS a:re tho obsen-ecJ f><!tentiftl tempe,atu,e and ""lini'y, c. L. 'he 
'p''Cific heat. QH i, the nc' ""faoo heat R,,,, (oo.:nw",d p""iti""I, P ;" I he p,,,,,ipitatio,, 
r~'''. IUld {£ i, ",,-"pora t ion ratc. The ,elaxatiO<I roeffieien, C i. the ""'iprocAI of ,h@ 
' ,,"'or" 'g tim<> period for a nni' ""Iume of ""'lor. The PJ'l"A'''''''''' (<> " fi,) are (0, 1 ). type 
,wjtch"" "1 ~ 1. "2 = O. would specify only flu" lord,,~ i, 8Pvlied; fi , = 0, <t, = 1, 
,muld <pecify ,Itk' only "",'o,in.g type forcing is appllecl. 

ehu (J (l,I;D) poi,,,,,.:! 01" 1 he im"""au,-" of "'ing oomp.'lt,ible ourl""" ",""d altd 'hermal 
bo"mdRry oondi , io"",. Chu", AI. (1!19&) fUr,her found , hat. I he ""storin~ .url""", boundAry 
""mlilloll ,,,",,,,, nol exi" .nywher. in 'he """Id ocefIIl. Therefore. ;n thi' ,'udy, the 
.""f""" th..-mohaline fOfcing;" dC'"'mineel oolely by the flux forcing, that is, '" = l, 
"1 = 0 in (JH 41. The mixing co<ffiden'~ K", {( H, altd Ks were oompul..:! ,,'ing a 1e",1 
I,...,.t",hlllenc~ c!o.",e i!clteml' (Mellor And Yllmllda, 19<12). 

4.3 Lateral Bound<lry Forcing 

C~\ 1", .,,,1 bo"nda,i,,", i.e., 'he moddeel OOORn bo,dered by land. WeTC de/lneel "sing ~ 
h"" _lip comh' ion for veloci'y ~nd A ''''0 g,«<iie", condition for ''''''perature and salinity. 
No ad''''''i"" or di/f",;", h""t, ,al' 0' veloci'y flo",e. OC(;UT t hTOu~h th""" bomodar ;". 

At "l'~" bo,mdllri,,", the nllm",kal grid ""d, I,", 'he fluid moliO<l ;,; utLTc<tric'ed. 
Unc",-tain,y M "1"-'" oo"ttd",;'" ,"Akes marginal ..". mooelin~ dillicult. Th,,,. "pplOaches, 
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,,' 
THb ic I ~1",,'h ly V"';H';"" "I I'<)h,,"~ IrR"'l'<>" (S,-) a. the latc'''] "'Pcn b<."" "I", ,,,,,, Thc 
", .. i'i\"'/n,,~atjv" v~h"," " ...... " ;"fl" ... ,,,,,,fIow. 

!o<Rj.,yP'". in~'n"'. and _«IbMl"f"""'h,1 " ... "dins. 8'" ", ... IW,1o; In. tIeI",",I"I". 
'be "I~n bound ... ! rondil;'-.n (Chu 0\ at. (997 ). H~ we tstke I be 1om~"1''' "I'I,,,,,,,,h. 
i_c.>.o.-.he TO.!;.';'''' bo"n&ty conotition ."jlb op«iIied vol"",", "."-.."..... \\'h"" the 
...... e. Ro.. into ,he.....o.l d""'''in. tempuat".., ,,,Nl oaljoily at ."" opel' boundary au 
lik<;w;'" ~_ from the "'.vy'. d;"",lo"",i<al datA. \Vh ............ fImo-" <>II, of the 
<!omooin. tbe nodio,ion CtJn<1ltioft ..... Bps,lied , , , 

81 ('.5) +U. an (9, $) = 0 (' ) 
... hcre ,he .ubo;crip' .. t .... d"",,1ioo, ...... " .. 1 to .be bour>dary. 

\\'um .. "t",. enler •• be J £S .h",,,,h I h. T .. ",1I1", .. /"or ... " Strait ... i, h I h" TWe- f,OUl 
th~ ~:....t China Sea, and cold .... t ... "","'" lhe JES \lIro"~h lbe Tal...,. S",,;, .. 1110 II I~ 

1,10"." Cur",,,, (,om the ~ nl Okh(~~k (\J<I~, '9J.j). 1'1", _lor ."it . the JES (1..0"31> 
tho To"pr" and So)"a 't r~;III, We uso ~ toor" '''''''lOt Ultima tion of tho ".,"thl)' ,,, .. ,,' 
wo1m". Ir""'pon, ,opanoo by Ch" ~ A!. (l009h), (hrou~h tbe T.".him~/K" ..... " Str~it 
with 'ho An"",,] aYffO", or 1,3 S,', ~ " ..... in''' ''' of 2.2 Sv in Octoi...-, ",,,I ~ mi"i",,,,,,..r 
0.3 S,' in .-obmor)". TI" ""'AI inf\uw !tA,..P0'"' 'hrough tbe T""" ~nd T .... himA/ K, ..... " 
.. ,a,to .bould be .be ....... as .be tot,,' ou.no..- Ira, ... po.-t Ih,,,,,,,, t be T."""" Md SO)"" 
.. ,,,i, •. Wo ..... un .. tha, ;~'Ii or tbe '_I inft_ Ir~_ Mould I\m,. ''''' of the JES 
'hrough ,be T.upru Stral,. "nd ~S')l through 'be~ .. S',ai •. The nK."hly vulun,~ 
... ""port.> •• <>pm boundN-i ........ lisled h' T.I>Ie I 

4.4 Initi~1 Conditions ~nd Init.alization 

The model .. · ... inl.e#*led ... ilh "n Ih ...... """ponenlO of ,-eIoci.y ( ... u. "'I 1 .. 11 "'lIr .. 1 10 
:ooro. And ... ith ":"'p<-1"~lure "nd ... lin;lr .pocified hy ; ... upoIat;,.. di",,,,,oIocY w.'a 10 
...rn nlOdel vi<! point, The model yeot.r "''''' .... nf 360 dA)", (30 daya r- " .... "h). dAY 
361 rorr<SJ>O<l<b to ! Janua,y, I ...... round t""-, 00 daY' ""-1"0 . ufficienl r, .. the n",,1d 
xi,.gic """"SY to r«>eh qu .. I ... ltoIdy ""'. lind"" 'ho inti"""'; condi' ion." I" '''',t ..... H' fir.1 
""p'm. ,h. win""" monooon 10 >1""'''''' ,n"n"""" 'ran, it i<>n, the modd W"" "~r\od I""" 
ao Octobof. RDd run to XI JMU~'Y "ext yeot., ("" .pin."I'. Ait<7 that d~y (:10 J~''''~'y]. 
,he ,nodel ...... ,un ~oothcr th...,. )'<'>'I'. I .... _h ur-im. nt 'fh<! monthly " ..... It dMa ... e 

."...! lor romp'''"'''''' 

4 5 Mod.. Split ting 

"'or compu.a.ional dficlen<-y. th<! mode opliu;n, l ... hn;q.,. (8Iumt...-s .00 Mell ..... 1987) 
10 _H.d -.rith a _ropi< ti ..... ol<!\> of 2~ ....,.".,j •• 1-..1 on thl> Cou . .. ,,\·Friederirt-..
Levy ( 1928) compu.aI io_l ot.l>lIity (eFL) C<>n<titloo ~nd the "" .... ".1 n, ... op«ed; .00 
• baroc~nic Ii"", ot.op of 9OO.:ond.o. baoo:t on thoo eFt ""ndilion NKI , he ;ItIff",,1 .... , ... ...... 
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'

Volume Tral'l5.J>Ol'l Strumfunction 
•• 
To ;m''''''''''- ,I", JES drco.IIo,;"" as R .. hoole, .. '" i"'~s,... e ,I ... , ... Ioa'y ,,,,,,,, •. l1y f",,,, 
,I", , ,,,I,,,,,, (. _ II) '0 "'" 100"0,," to '" h) 

(U.V ). [.I~.~) d' 

.rod .... i;/i.e- rho! ~ ~1''''Iion 

Ii' Ii' i'lV au 
(/Jx' -t /)~~)"' '' (Jr - Oii 

"J 

", 

", 
""" -.-I, ,in'" i .... "''''''. "'" . 'JI\" ,he ,-.,I""", .. io",,1 PoiiolorN, ",!"",g, ( 10) ... i,h ,he ~j""" 
hO]d.d",y ('OI"I"ioo," , .... , i<. Un> ' ...... ,""" A' tho! .~d bouml •• ~ Alld Imoom """ ' 1"'" 
or rio< "1*" I ..... "'d~'''''' (_ TAble I ). 

5 The Simulated Cifculation (Control Run) 

5 1 Ge~al DescriptKlf1 
lb. ,;"mllo,,,1 "",f.'1e" vP\ociry fio>~l (F~. J) ro;toe.d .. w"h ,I><! ""'1i .. rl....,,-;p, .... , of 
,I .... 1 r.5 d,c"l .'~", 1".,.,,, ,,,,1 h, s.,e.;o,. 2. TI ,e TW{" "p",~''''' fit 'he T""" i, ,, a! I\,,,,'" 
5,,,,,, mh' .. .";t",,, .",1 ~""'"'' b''''''' ..... , ~'to:w.. ' hfO\lgh ,he ..... '",." chan,,<!1 (i .e., EI-o: We) 
cto:-!y foI..,..,. , .... 1\.,....,,, .,..., on.;1 " """",a'e ,~ :I8' S i"", ''''' b.-.,oct...o. TI,~ 

_,,..,, " ... ,ch folh"".,. ,h~ SPf.o ,ho! _ , ..... ""'" of s..1'1""" bl.o"d. And ,..., .... ,~'" 
",,,,,,,t.. "."". ",~, ....... "I .",1 10m" " cyclonic eddy M ,l,~ f "",,,,", KOf<1fI,n Iltoy IEI\ 6 ). 
n .... · 'h",,,~h ,I,,' ~ .. ""''' d,., ,,,o\ (i.e .. JNR) ;,. .. Ii .. ", "'l.k<-, ,h." 'I"o"gl' 'he _'.e,,, 
d, .. " .. I. 1"1,,' """,la ' ,,! Lee CArr"," "",10 ""d rold "'., ... lonS 'he lIB .. i.n """" •• "'\ 
Lo."",~"" .1 .. NI\("C., ,) ... Nofth 1\",,,,,,, """"' . ".., .. ",,,1 .. ,, • .1 NKCC _. I"" EK\\'C 
. t """''' ~N Af, ... ""''''''''''''' f", ... , .... """"", ,..., NKCC ."rl ..... EKWC """""'V to 
• "ron~ ,"'", ,ho' ,m,. ill ",p """".-..... <Ii"",,,,,,, ""'"_ ,I ... ""'i,,_ 
5.2 JB e~lonic Gyre 
A 1",11"-"""'" ~Io"i< l'<'Ctrcul"'g, 1)" .... ""'" ,ho JH", .""ubt,ed ,,;,h .. _''''''I _," .. I 
""' ... ;", •. Th .. c · ..... <' •• "Iy " .... "ili<d br ,t.. ,,,I,,,,,. " ...... 1"" •• " .... "'ful>Ctior:t (Fi. I). 
n .. Jil !!YT" ... ..... ,,'run~O;;' "",I ~i,C!l!"'" 8 s,- in ,t.. """eJ. It ,,'tfI,kPl .. ""d ''''('10'' 
,,,,,,10 .. .,.,,. ;" 'Io~ '1";"~ ""d ''''''" ..... In ,t.. 1.11, 'ho cydull i<; Jil l)"'" di"'Pl_" "nd 
.. """ "",b'c"",;c edd ie< "]ll~""" 

5 3 lee 
11 .. LIT " .. "",,,1,,,,,,,,,, ... ,,1 c",,..,,, loIlow'''g 01""1 • "" n" .... n """"' It lorfu,,,,,, .. "" 0 

'"'' I,,~"ch' .. "on, 'ho •. ", 1I""i." b'gh, (13.I" E, 12"N): tt.. """"~,." b,~"d, How. niot' 5 
,I,,' II"",;",, · "" "'''''' m.'\.,' ~",I l>OC(Jl, .... ,10 .. '" "'Cc. Th~ .... ter" hl ."d, fl ...... s,," tI .. ",,, · 
...... ,L 'I .... , "It'" ""-,' ..... d"' 11.5"1'. ",,,I '-on"", ,to<- ..,,,,10 h"k of 'he JU gy ..... TI,e 
Lee h'" .. " ""'-I: """""'Ill I1on"' ''''' ,,·i.h tt.. "" .. "i.""", .~ in , .... ".,n'" (Fie. 30) 
."rl ,he """''''' "n "1'",,,1 in' t.' ."""''''' ( F~ lc). 

" 
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54 EKVVC 

EKWC. .. _ern "'an<:h of TC nor," of II ... To ... hil"./"".,.. SIT&II • .c' ... ~ ...... '.".., 
hoHHdory "",..,H' ""d b"" a "ron~ _"Ill ,,,,iabi!;,y_ ,s., 37""'. , I .. EKWC v·wlo";.y 
00'''1'''»'''''' ",IUd, i. p'",,'ic~l1y 'be ,Ii"",,;"n of 'h~ cum'", "" 'hM l>O<Ii'i,,,,. \""' .... f,,,m 
G.:JO ,n/. ;lI ";»1'" to (1_42 m/. ;n "."" ..... ( FiK- 5). Th~ wid' I. of EK we i. """,,,d 60 
km..u l""" "",nd. II"""' .... ,he dep'" io a,o""d 1.400 rn '" ,he """""'" a,ld &I(} '" '" 
.he ... ~"'c •. 
5_5 EKWC - NKCC Conflue"ce 

11M> (north.,.rd) OWOT>boor '''~ of ,be EKWC ""'" , he K",,,,,,, 6;p .. ~, 37 50 1'1 i. ""OI'~" 
i» ,I ". "'i",er ,I ,"" i" ,he !]Un"" " (I'i&. 3). The ", .. nl,,,t EI\WC iea,,,,, ,h .. l\,,renn ,,,,,,", 
a"d ",..,.,.., n",II, ....... d. It """_g" "'ith Ihe s",,,h,,,,,,d ft_i", NKCC, .' :t9" .'1. 130"1'., 
rwd "'"to. ClU""" n"""' .... ;'" ,."...,d !I,e "*'" aIoo" lhe SI'I'. We ""'.I' ClIII " ,be SPI' 
Cu,,..,,,, (I'~-C) . 

5.6 JNB 
JN6 .• ho "."'e," ~,<:h 01 TC '101"'" 01 .he T . ... I';"' .. / Ko' ... Slta,' M IlIi' e, It.a.o a 
m.ro,n,,,,, """' ..... "1 00011'0""'" ofO.I~ IIl/_;" II ... ,..;'''"' W;~. 6) . A 00""'''' Cit"',,,, 
1>0>,,...01, i. '" ';' '' ul~.ed wnh .. "",,'wa,d 001"1"'''''''' 010.00 '"10. h, tho ",u"",,',. Ihe 
COl""'" eUTlC'" ,e""';",, aln"'" unc" ... "ed, bul 'M JN6 i,,"' ........ to 0.21 m/ . (Fie- (i). 

5.1 UTB Eddy 

11><- _ I ... " h,.,u,d, of ,ho ""''''' TC (;.~., EKWC) '''''''''' 'IOIIh".,.,d ftloo" ,)'" "o.lfl",,,, 
p!IJ' 01 I.:OJem, OOti, ""d ..,...,It.,,,, fro", '1>. .... , d,,-,< lIj»)lfnod,ing'M EIt.6o K ...... " 
B~y (EI.: II f. It ~ .. it. """J. .. .,.,-d nlOt"'" un'il ,neo';,'g 'I~ NKCC nM' ~O"N. "_",Ie,,, 
"""t I ...... " .. · .. r<l. ~, ,, t fon " , " ""''''''-00, " ~,,'icyclo"ic ""dy ( I'i~. a)_ Th~ s;",,,in',,,! AU' icy. 
<IoBle 11TH .. Idy '" >"nn~' i" 'ho , ,,,,,,,,,,, (f"l,. 3cJ_ The ""'".". .. 10<; .. ,,,,, 8' 38. ~ON 

I:u'E. n ... ,w. 01 ,Iw- eddy;' a ..... nd 150 bn_ TI,t '''''P''" .. I ""Iocity I. It.Joomd OA m/ • . 

6 Driving Mechanisms 

w .. "'.~ ,be , .. u1's of 'I,~ low ""p"'imem. ' 0 ;.Je"tify 1M drivi~ ,,\OJChaniotnJ lot 
tI ... JES ~itcub""",. 

6 1 EffKts of Nonli",,~,ity (Run 1 • Run 2) 
I" ,I ... 6 .. , ~ .. ;, iv;'r .. udf. ,be """Ii,,,,,,, """"";0" 'er'nS ....,." ",,,.,....J r,,,,,, 'h" dy· 
"~"' k; e'lua'-io,". Other .......... Ihe '&I' ](] J>'ffiU''''' .... "" ,h .. """n01 ,u" ..... e """,I. Tile 
rig,ue' ~", I a" .. I)"" """" I""for""", kfl ... com""ti", 'he d,If ... """" bctww" """hoi ~"d 
""'" ,,,,,,.U, .... , '''''''' ",,,,,- The dlw.....n,w ou,l_ ,"1!Ct00 ,"<,10<;;,;'" ( r i&. 7) do not .1""" 
.... ...!.moI fot "'....-'" ci,,,,,I"'''n "".,,"'''' ""c.,pt ~ tQUj>Io of ,,-.o.1e ed<h<o. and ... 1 .... 
ciRliy ,1 ... UT Lt eddy, ""hid, ;"dieM" ,h .. , tl ,e ,><>n. lin.aTity 110<\0 no' d'~ "gtl ,h. ~ .... ~ral 
ti,cnlMiou """~,,, """"PI lot the UTiI ""'ieyclm,it: ..-Idy. II"","""" ou ' <:Otl'I"tI"'ion 
sI ........ 10 ... ,..., _ .Ut.....-i,y ClI' ..... " noI""'.-.b~ <:hAltl" in ,1M! ""IUJDP "' .... ""', . 

6.2 Wind·lnduced Ci,culation (Run 1 -Run 3) 
Co.nnl'" ... t '" ,ho .",r .. "" veIoci'Y _ 101 n"'I' 'orr .h~ con"01 "m (F;g. J). ,),~ .",1""" 
dltr..<11.;,,1 ar,,,,," ,,,,,ron ~ v (Fi&- 8f cIouly .""". ,he """d elf<Cf. on • I>. JES circula. 
,ion: (_) dri>-i,,& 'M Lee;n ''''' ... ·in'''' . (h) d""'l,;ns ,ho EI\WC '"'1"",iRlly ;n ' h" ,,''''''''. 
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(e) ~ejOeJ"'ijOg tiw UTB ",I<ly in HII 'he """"c>t ... ami (<i) ~ett~,,"t ing ~rl'I;"" AIot ,~ 'he JNB. 
Th.> ", .. ,,<I "o.' Hit " """ nu offect uu 'he occu,renoe 01 th9. JNIl 101 ~I I "'''-'''''', 

The wi"'"t ">ou,,om, "',lid" blow from the northw",t to t he ""u,heost O,",,'T the JES 
""lace a"d elTi",," 'hc Ek",all flow in the uppeT OCI-'an to the right 01 the wind direct ion, 
S"ch ~ .",1""" CUm'''' mo_ .,,,,,hward . , the western CO!I.,t of the J ES ~nd "'rengtben' 
'he LCe And weH k.", 'he EKWC Thc .um",er monSOOn wind, blow from the 'o,,'h Aud 
"'"It"""'" to ,I,e "otth",'<1 wi,h much "".Ii." .peed., Thu>. 'he >",nmer "'i"d elfe"'" On 
rodudug Lee ~nd '''''ng'h~"in~ EKWC are quite w'-'Rk, 

Tlw w",d.< drive m"",,",cale c4lie; "'l""-'i"lIy n_ UTB ~nel .Io,,~ .he ",," """", <>1 
ildush", The '''rf'''''' UTB ."jel~'. ""c"'r i,,~ 0" ' he ,mf",."ti~1 ""Ioci'y ',<><,'0. ,nal' (Fig. 
S). h"" the ,i",il.,. ."'irl ,..,Iocl'y (.II'icydo" icl wi' h MmO Older of magni.ud .. ('n~xi",,,,,, 
,,,I,,,, 01 0.7 ,,1/_) 1\.' • he con,wl TIIH (Fi~. JI. This ",ea", ' hAt .h~ wi",1 elf"'" io il> fnc. 
"k<-"l f...::tor fOl' genern'iug the UTI! fi"ticyololl ic eeldy. Fur.h.flnol .. , ,here;' "" eviden' 
cllrr;',,' alo,,~ ,h~ ",,,,,t eo,,,' of Ho",h" 0" the tl. V m~p (Fi~. 81, in<lic~ti ng 'hat wln<l 
fo td"l1 i> "0' " n,~jor fflC'or lor mRill'~inlng Jt\B. 

6.3 Inflow/Out/ low Induced Circulation (Run 1 . Run 4) 

Th~ ,hu'n ,,"u,"' vit~' .,t"dy "",I tl", c"nt,ol "ttl '-'<I"atio", ~",I for"'''g but close" "II 
01-"'" 1.'c'T~1 bon"dar_. prevellti"g 'he ,,-"n'»Qt' 0/ m",". he •• or ""I;!lity 'hro,,~h tlte 
T.,,,,hi!llR. T."g~"", 5o)-'n, ~lId Tht~r Snait., Wi'h in/loo.' or O\"~""' .• lto JES """icall), 
in"'t:r~''''! circ"bt."" , 1'1'''''''' I, ",0,.., pr<lllo<mc"'] I" .ho """"'''', ' h~" il< .he wh"or. 
1'10" i, b""",,"'''' ("''11",,1 . 1>0 tr"'''po<' l pM'crn (Fig. UJ is quite .lmi lAr to >1'( . (oou'lOl 
rutl ) (Fi~, 4) in ,h. ""''' '',." ,lim, In ,he ", .. "tel. 1ncrea>e<l circlIlotio" In the " '110""" by 
.he t",cr"] Ira,,,po" ~e"~r~!ly I""d. to I7cMer hOTlwnt~1 ~lId ve" '",,l _1~iJili 'ie' of 'he 
e" ,,"," ;!'''O,,,,..,. 111 'he wl,,' er . >I' hI\.' VOO'itiv. ""1"",, (~ Sv), ."'! <joe I."" n,~.'i", ,>II"",, 
in JR 'n,,,, '"gg'-''''' .hAt tl,e 1.,,,,.1 nampou redue"," 'he JB cyck",;c \(,ire by 2 S,' it> 

11<0 "',,",", 

7 Conclusions 

II! 'n.~ .!E.S circu1M"''' wa.. , irm ol.,ed ill t hi, study \:.y the 1'0il \ ",.,.te l under 'h~ ,~a"""nl 
,,,,I,,,,,, flux fo,"" 'g. The ,.,uhem J£S {i .~" 'he J~V"" &t.<i"J i. <)Ccupi.d by R cyck",ic 
IlYr~ (c~!I.,d .h~ ,Ill g)~e) alld 'he soutlJ.,rn JES I. d ,a'flCtem.d .. a "", lIi·.!,hiy ,'-""e'me. 
The volt ,,",o flR"'I"' ''' ,t,""",f,uoc'''''' 1,,,,, a clo"h)e.gyr. "'ue'"", wi,h "ega""" ,.,.I"e, 
! t",elm,icl in the "orther" J ES a,,~ po;;.i, .. ,,,I,,,,,, (anticyclonicl In the ,ou,hem JES, The 
,,,,,,,bted ,m 1-':."'" i, 'he, "rouge" ""d ",elrc"la',,' ~ Sv ill the wl" ' et. 11 ""a"'I<' ~nd 
ro'",~" nor' iow.,,! ill 'he 'p''' 'g a:ud '''''''''''' . I" t h~ loll, .he cyek",ic JB gy,.., di""t'I",a" 
~:ud ",,,~k ",,,h,·a,,tlc:vciollic "deU"" "Pp'-'1Ir, 

121 n.~ "u",o,,' ,y"k"" ,,,ch os the LCe. EKWe. Ni\CC. " "rl JNR nrc ,im"lat c~1 
.. """"ahly wdL TI .. , slm"I.,."j LCC loa' a maxi"",,,, "'HthwM,1 oo, npo,,,,n. (0.2 1 m/,) . 
.,."nITI,,\( 11<'6' th" "",face ill 'lte win'e, wilh a wid,h 01 100 km and =tenc\i"g to a depth 
ol1!t.lI ''', II "..,~k",,-, '0 H ",ini"'''''' of 0, 15 ,,,I. ii , .h~ '""''''''' ~lId foi l. ~"d ,hrl"b III 
"' ... to " WHit b 01 (;0 km ""d ,tep'h of ,100 '''. 

ne """,]",,,d EKWC \1\ri"" from 0 ,·12 m/' ('''''''lie, ) '" O.:j() m/' ("in, oT) . Tbe 
w"ltl> 01 ' h~ EKIVC i. "01",<1 60 km ~11 )"'" IO"",L II"....,"' •• 100 d~p' h i. Arou"d 1,.100 
,,, '" 'he . ",,,,,,Or R"d 800 '" i" 'he wi",e,-. Th~ (,,,,,.1 ,,,,.,<1) ""0",1"" EI-o:WC 1c~,.." the 
h Olm" fW<." """';,,g "ortl,"'~"'! "lid <0""""1("" ",;th 'he .o,,' hw~rd ftowing Ni\CC , at 
4(f'N, lJOOE • • "d foo-m' a currO". meam!.';"g tov.",rd east ~Io"g the srI'. 

TI,,, ,lm"la".:] JNR I, ... ~ " ,axim"", eostWl\Td compon.n' of 0.2·1 "'/' ito 'h~ wi,,'~,' 
a"d wt'I\ko", '0 0.0!l " ,/_ il< tl,e "",,, n,,,. Thi' I. cOl"i,tent with the earlier ohi;er" ... io",,1 
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.",d_,-, The.lf"", of ....... "01 ,""" ... ~r)"_ " ... ·k ... '~ Nuto Peni".",," on 'be J:\IJ, ;.. AI", 

.,,",,"', ... !. 
The . i",uloo,'" I 'TII ... ·a"' .... "'" ~ntkydo .. i<· .. My ..... a".,.' .. ,,, bf",,,,h "r ,bo. TWC 

(Le .. EI\WC) ",hid, """ .......... hY., .... d ,,1,,"& IN:: ""ut "'~n 1"''' "f' he Kor~tL "-""', ,,,,,I 
"'1'''''' ''' from ,he <""", H~ cr hPI,,_h i" l 'he c..., 1(" .. """ " .. y. I, k .. ,» \1< '''>r1h • .-~,d 
nM~ion un' il "_tin, ,he NI\C'C" ,,,,,,,.j() N . ...... ,KIe ...... " ....... "'-ani. .11'" [,"" .. . .. .,...", . 
",,.., ."" k)·<-~,,,i< eddy. Til" "ldy j. >' rons"" ill I he "''''''''-~ ~lId it. '''''''Of j, 10' .. ,", ",I ., 
:JS ~ N [ JCf E. Tbe .iW of I he eddy "' """"..! 1511 knl The lanvnt;"l ''''''''';'1 .. ",,,,,nd 
O. l m/ . 

(3 ) 1'1." "".li,,,,,,, OId''''-'101I ,~"'" "ol "If .... ,. 10<: 1", ...... .1 ci"-,,lo.l .'" I"'''C'" ,,\"i,k,,'l)". 
I,u, doooo oIr'"-11he ""mat.,,, of ,he ....... *'~ r<~lie.. " .. d "reci>lIy ,IK: l IB «l<Iy (nU 
...... '.'m. ) ~nd ,II< JB .yd.", ,;" lPC ('Wi"1)· 

(4) 1'1>" "><><lel .'Illd dJ"",. "" 110" J£S <irelllat;"" "", ....."., pernooi'"elhA .. , I","", 01 
.... ,-1,_, df .... '~.,. err ........ , Th< "'illt ... ,,·ind. r""se " ., rolll ba.<.ill· .. ';'lc J ES t·~d""i< · 
I)',e "'i,1I 8 S. ' ... :'1"< II!..' ..... ' in 'he IIO<lh",. J £S ",HI ,he . ,1111""" wi"d. d,i~ .... ..,..), 
"eatly 1...; .... ·J,ie JJ::S .",.,.,..-I<>n'" .r'''' Thus. the wind ' ,n;ins j,; ,I", IIKIOI iRlI""u>n' 
1",'1 (ilO'1< ) In, tk ,"Ie<Htin" 01 'he Jil c),don i< I)'fC lJ",>d", . tl", wh,rl.' ~"'" ,nflllc"><,<, 
II", ... d...., d'ttllati(>" 0",,10 ... ddol", ,he lee ("inl"' l. rnllllp,"lI ,he EKWC (_i'~ ... )_ 
",,,,,,.,In, 'he \ 'T8 «1<1)' (all o.ea.oono ) •• ",1 .~, iu~ «1<1;.,. "~)"& 'he JNB (~II ... e." .. " ",), 
The wi",1 II"" . h",." "" elf"", on ,h. ocrll''''''''' 01 ,he JNIl 101' all-..."" 

(5) n... ...... lel bo>llR<INy.IOI'ci"l: eRIIa ....... (.woke",1 ''''' n :s ,'01"",,, "ft,"'p' .... In the 
" """Ie< (. -j", • • ), I, I" .. ""')' wettk effeel , "n Ihe 0<"",,.,0<'. or the LCe ""c"Vl in tho 
.. 'int .... .. he" ,I.., bouI..w-y_lnn:ini "(To.wl$ /01' 30';1, 01 tl,. LCC •• 46':':. I, ...."w, .... 

,h. JB <),<,Ioo>ic ~'", 10,. 2 S,· {2Ml) i" Ihe "·i,,,,,,. Ik"'lde.,. ,he 00''',,''',)' lorci" , AI", 
i"nuo" ..... 'he , uII""" r ir<ulo,"', .""h "" d';"i", ,h. "'I' ll ",~I)' ill ,,11 t"" """""no (.'nif 
in tbe w;"'",). 'ene' .. ' i"l: the EKWC (~IOO%) in 1 he . " nl'" lInd 21 'lt ;n ,b ... un''' .... ). 

~nd "'" ... ~'i"l ,he JNB . lId ,,<Id'" ~Ion s 'he J NIl 
(6) fu.~ ..... t udio< .houkl runce''''~I. 01\ ... ';",plio'''' ~ It_I"" ... lo.' ..... 1 

t'''''-'I'''''' ",""uld be Ind"d<!ll ~ r.d lhe "'" of "'IfAI..-,I~'<!II d;'''~'ololi<~1 ~' i"d, ",,~I, '0 
he "1'I.",l£d ,,, i""""I)Of~I" "yn<>p1 i< ""ind.,' t " in, I"'''''. """bn. F;""lIy .• he ""'''"'P';'''' 
"I 'I"",,~I;I-.-i'y ,ha ... 11<>0"'" ... '0 """ .• i,~p'" .lIff,,,,,,,,..,. \0 'IU,,"'Uy t t-.. <:11'"". "I~· 

le,,,al l"fCin~ , ... 'Old> ,-" I", risoro , ... l}' ,,,,,,.-t, 1, i. ""'Y ;"'pot'''''' 10 ,k:"elup" ,b"",uSh 
", •• b,o<\<,iou \0 pnfno-m "" .. i1iYhy ",,,,Ii ..... ,~ .... ,he hisbly t>OIl-li.-.- rooditiofl, lha, 
m .. y ex ... in ,be 1'!lo ... 1 "nvir<>< ,mcnt, 
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,,. 1:,0 = ,,. .,. 
LOf'IOO1ude (E) 

~' I&". 1. G""IJTaphy and .... bottlul . bowlng the bathyn,etcy (m) orthe Jap~n/E ... t 
S ... (JES). 

Fit:. 2. s.:,,",matk map or ourCace cumn! .".tem. (alt~ Too=zak and 
CodfJooey, 1994). 
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(a) Ib) 

~~ 

'0) 

--
FlC. 3. S imulated .urr..,. c \rcuiatlori from the control r u n for (a) J ...... aT)'. 

(b) A~dl. Ie) July and (d) October. 
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(a) (b) 

(c) (d) 

Fig. 4. Shuulated volume tra""port (Sv) from the conlrol run for (a) 
January, (b) AprH, (e) July and (d) October. 
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" 
" , , , , , ". • " 

_ .... '-.. -.., 
Fill· 5. Simul.o."" IOO""J cr ..... _tlo~ or v· ..... loclty com!'O""ol ( m!.) aion.lJ; 

37 N r ... m U,,, """,roI .... 0 roo- (a) J .... ....,.,... (b) April. (e) JuIJ< aJ>d (d) October. 
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• I 
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" , ,;, , 

" - , i 
i i , 

" , 
. - • i i . 

1-'- ~ ii 
1.- b .-- .. .. .. 

.. ,-"" .. _., .,.., 
f'1~ •. Simulated 1A, lt udlnal Co: ,,<,\on of u-v~1od11 tomponent (m/_) 

aIo". U & E from the ............ 1 nln for (a) J&.Iluary, (h) April. (e) July and (d) 
~. 
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,<, 
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FIg. 7. Surf""" ci..:uLadon CAU.ed by t he no .... llnear e/fect, (Il) January. 
(b) April, (e) July and (d) October . 
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(8) (b) 

Ie} (d) 

,--
Fig. 8. SUl'ra.c. c~ul_t1on drlveD by t ... wind., (_) January, (b) April, (e) 

JuLy and (d) October. 
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(a ) lbl 

(el (d) 

-.., _ .. 
Fta. ~. VoluRl" l raruoport drivel! by the "ter ooJ (ord"., (a) JllIluary, (b) 

April, (e) July and (d) Oct.otw.r. 


